Compensatory renal hypertrophy was studied in fetal lambs during midgestation. Functional adaptation was correlated with anatomica and biochemical changes by measuring glomerular filtration and clearance of para-amino hippurate (PAH). Normal intrauterine body growth and kidney growth by changes in RNA and DNA over a 72-hr period were studied in twin fetuses. Seventytwo hr after left uninephrectomy in single fetuses, there was a significant increase in weight of the renoprival right kidney as well as a significant increase in renal cortical content of RNA and DNA. The rate of increase in RNA was greater than the increase in DNA. Preliminary studies suggest that an increase in renal function parallels renal hypertrophy in fetal lambs.
Speculation
In midgestation, compensatory renal hypertrophy occurs by both an increase in cell size and by hyperplasia. The rate of increase is greater than that previously demonstrated in the postnatal period. Functional adaptation parallels renal compensatory hypertrophy in utero.
In most mammals, unilateral nephrectomy results in adaptive or compensatory growth of the remaining kidney and restoration of lost renal function. The extent and degree of renal compensatory growth is related to age (14, 16) . Dicker and Shirley (4) found that unilateral nephrectomy in 5-day-old rats was greater in rate and extent than in adult rats. Bonvalet et al. (1) found that, in rats younger than 2 months of age, compensatory renal hypertrophy is due to an increase in the total number of nephrons, whereas in older rats, it is due to enlargement of preexistent nephrons. Galla er al. (7) demonstrated that the magnitude of compensatory growth in immature rats is greater than that in adults, and functional adaptation parallels the structural change.
The response of the renoprival kidney in utero to unilateral nephrectomy is less clear. Goss and Walker (9) concluded that renal compensatory growth in fetal rats age 19 days of gestation is less than that in the postnatal period. Malt and LeMaitre (15) demonstrated that the RNA/DNA ratio in fetal kidneys from mice uninephrectomized early in the last trimester of pregnancy was unchanged compared to that in fetal kidneys from shamoperated controls. Goss (8) and Rollason (19) also studied the effect of maternal nephrectomy on fetal kidney growth with conflicting results. There are no published reports on the adaptive functional response after compensatory renal hypertrophy by the fetal kidney. The purpose of this study was to investigate compensatory renal hypertrophy in fetal lambs and to correlate adaptive functional change with structural changes. RNA and DNA content of renal cortical slices were measured in fetal kidneys from twin pregnancies and from single fetuses after fetal unilateral nephrkct6my; changes in renal function were determined by standard renal clearance techniques.
All studies were performed on fetuses and ewes between 85-100 days of gestation. Fetal age was determined by planned conception and x-rays of the fetal skeleton for bone age. Normal gestation in sheep is 150 days; thus, these studies were performed in the latter part of the second trimester. The preparation of the ewes for cesarean section and delivery of the intact fetus for study was similar to that previously described by our laboratory (17) . Control unilateral renal function studies were obtained from fetuses of similar age undergoing developmental renal physiology studies in our laboratory.
NORMAL FETAL KIDNEY A N D BODY GROWTH
Studies were performed in twin pregnancies; comparison of body wt and kidney wt was made between the two fetuses. Determination of the normal rate of increase in fetal renal cortical RNA and DNA within a 72-hr period was also determined in twin pregnancies. One fetus was arbitrarily selected and removed by cesarean section. This fetus was immediately killed and both kidneys removed for study. The ewe was allowed to recover, and repeat cesarean section was performed 72 hr after removal of the first fetus. The remaining fetus was delivered, killed and both kidneys removed for study.
UNILATERAL NEPHRECTOMY IN FETAL LAMBS
Studies were done on single fetuses. The fetal left kidney was removed after cesarean section. Seventy-two hr later, a second cesarean section was performed and the fetus delivered without onset of respiration (17) . After appropriate catheters were inserted for collection of blood and urine samples, renal function studies were performed. The fetus was then killed and the remaining kidney removed for study.
Quantitative determination of DNA and RNA were by the methods of Fleck and Munro (6) and Burton (3) . After killing the animals, the kidneys were immediately removed, blotted, and weighed. Sagittal slices were then taken from the midsection and the medulla carefully dissected away using a Bausch and Lomb dissecting microscope. The remaining cortex was blotted, weighed, and treated with ice-cold 0.25 M sucrose solution. The homonenate was treated with cold 30% TCA, centrifuged and washedvtwice with 10%0 TCA. Lipids were extracted with cold acetone followed by ethanol, ethanol-chloroform, ethanol-ether, and finally, ether. The dried precipitate was incubated in I N NaOH at 37" for I hr. The samples were then neutralized with 10 N PCA and acidified with 1 N PCA. The sample was then centrifuged and washed with cold 0.5 N PCA. The RNA fraction was recovered in the supernatant and all washings, and the precipitate was dissolved in I N alkali and analyzed for DNA. RNA was determined by the orcinal reaction using FeCIit and measured at an optical density of 666 mM. DNA was determined using diphenylamine reagent and read at 600 mM. Recovery studies performed with pure standards of RNA and DNA were 95.8 and 96%, respectively. Glomerular MOORE filtration rate was measured by infusing IlZ5 sodium iothalamate; PAH clearance was measured by infusing 1131 sodium hippurate. Blood and urine samples from clearance studies were counted on a Nuclear Chicago gamma counter, using appropriate external standards. Phosphorous in blood and urine samples was determined by the method of Fiske and Subbarow (5). Statistical analyses for significant difference of mean values were performed by Student's t test.
RESULTS

NORMAL INTRAUTERINE GROWTH
Control studies were obtained in seven sets of appropriate-age twin pregnancies. The mean body wt of fetus A was 1224 g and was not statistically different from the mean wt of 1260 g for fetus B. In fer.us A, the mean left kidney weight was 4.84 g and was not statistically different from the mean weight of 4.94 g for the right kidney. There was no statistical difference between the mean weight of left and right kidneys in fetus B, and between the mean combined kidney weights of fetus A and those of fetus B. The rate of increase in fetal body wt, kidney wt, and renal cortical RNA and DNA as a result of normal intrauterine growth was studied in five sets of twin pregnancies. One fetus was arbitrarily selected and removed for initial study; the remaining fetus was allowed to continue to develop for the next 72 hr, at which time it was delivered and the kidneys removed for study. As shown in Table  1 , the average increase in fetal body wt was 212 g or a 16% increase. The average increase in weight of the left kidney was 0.54 g, whereas the average increase in weight of the right kidney was 0.66 g. The increase in weight was 11% for both kidneys. RNA concentration in pg/mg of cortex increased by 0.52, an 11% increase. DNA concentration increased 1.69 pg/mg of cortex, an 18% increase. Table 2 shows the change in kidney wt 72 hr after left nephrectomy in six fetuses. The mean wt of the left kidney was 6.17 g. Seventy-two hr later, the mean wt of the remaining right kidney was 8.50 g. The difference between the mean kidney wt was significant, P < 0.005. The mean change in kidney wt over the 72-hr period was 2.23 g. This was significantly higher (P < 0.001) than the increase in weight of 0.54 and 0.66 g observed during the same period of normal growth in the control studies, a W o increase compared to the 23% increase with normal intrauterine growth. Studies of the water content of slices from the left and right kidneys revealed no difference in water content. Table 3 shows the DNA and RNA concentrations 72 hr after left nephrectomy in fetal lambs. The mean RNA concentration in the left or control kidney was 2.88 pg/mg of cortex. The mean concentration of RNA in the renoprival or remaining right kidney was 4.28 pg/mg of cortex (P < 0.001). This represented a 49% increase. which is significantly higher (P < 0.00 1) than the 11% increase in RNA noted with normal intrauterine growth in control studies. The mean DNA concentration in the left or control kidney ' Standard error in parentheses.
FETAL LEFT UNINEPHRECTOMY
'Combined left and right kidney.
,' Fetus B was studied 72 hr after twin fetus A. was 7.08 pg/mg of cortex. The mean concentration in the remaining right kidney was 9.75 pg/mg of cortex (P < 0.005). This represents a 38% increase which is significantly higher than the percent increase observed with normal intrauterine growth during the same period of time. The increase in the mean RNA/DNA ratio occurred as a result of an increase in RNA as well as DNA; however, the increase in RNA was greater. Table 4 shows the single kidney function studies. Mean control urine flow rate was 0.26 ml/min. The mean urine flow rate after hypertrophy was 0.50, which is statistically different from the control (P < 0.001). The mean control GFR of 1.43 ml/min increased to 1.53 ml/min with hypertrophy. These means were not statistically different. Similarly, there was an increase in CPAH from 1.74 ml/min to 1.85 ml/min with hypertrophy that was also not significantly different. Although the GFR and CPAH increased with hypertrophy, the degree of change was similar, and the filtration fraction did not change. Absolute excretion of phosphate increased significantly from the control mean of 1.27-3.66 pg/min (P < 0.001). There were no measurements of fetal plasma parathyroid hormone activity in these studies.
SINGLE KIDNEY FUNCTION STUDIES
DISCUSSION
The possible problem affecting the interpretation of our data relates to establishing satisfactory controls. These studies were conducted during a period of rapid normal intrauterine growth. (18) also demonstrated a rapid increase in total kidney DNA and RNA from fetal age 17 days; however, the increase in RNA was considerably less. There are no published data on serial changes in fetal kidney DNA and RNA concentrations in midgestation, and sequential studies over a 72-hr period are technically difficult in single fetuses. Thus, we determined the rate of intrauterine growth for this gestational period by studying twin fetuses. Because there is no statistical difference between mean body wt, kidney wt, and renal cortical RNA and DNA content for the twin fetuses, changes in these parameters after removal of one fetus represent a reasonable estimate of the rate of intrauterine growth for the period of observation. Our studies were performed at an earlier gestational age, and in sheep, but are in agreement with the results of Winick and Noble (21) and of Priestly and Malt (18) in demonstrating that, in utero, normal renal growth is mainly by cell division. It should be noted that removal of the first twin in the control studies is a stimulus for noncompetitive enhanced growth, and the observed results are greater than the normal. Thus, a significant difference between results for uninephrectomized fetuses compared to those observed for "normal" growth gives validity to this approach. The results of this study demonstrate that the renoprival kidney in fetal lambs undergoes definite compensatory hypertrophy after uninephrectomy. The 40% increase in weight of the renoprival kidney was significantly greater than the I I% increase in kidney wt with intrauterine growth. In the study of near-term fetuses by Goss and Walker (9) , the weight of the renoprival kidney was only 8.6% greater than that of the controls. These authors concluded that the prenatal response to unilateral nephrectomy is less than the postnatal response and slower to occur, findings which are not supported by our results.
The concentration of cortical RNA and DNA increased in the fetal renoprival kidney, and the increase was significantly greater than the increase as a result of normal intrauterine growth. In 5-day-old rats, Dicker and Shirley (4) demonstrated a delayed increase in the RNA/DNA ratio that reached a level approximately 12% higher than controls. Karp et al. (1 I ) studied 4-dayold infant rats and found an increase in protein:DNA ratio as early as 12 hr after unilateral nephrectomy; the DNA content of the renoprival kidney remained significantly elevated at 24 hr. In this study, this evidence of hyperplasia persisted for at least 7 days, leading the authors to conclude that response of the infant rat is initially hyperplastic whereas the adult rat is wholly hypertrophic. Kaufman et al. (12) did not find an increase in total glomerular counts in the remaining kidney after unilateral nephrectomy in weanling rats. However, Bonvalet et al. (I) reported that, in rats younger than 2 months, compensatory renal growth was related to an increase in total nephrons. Similar results were reported by Imbert er al. (10) . Brasel (2) demonstrated that an increase in levels of the activity of DNA polymerase (nucleotidyltransferase. EC 2.7.7.7.) after uninephrectomy in 10-to I l-dayold rats, was greater than that observed in 3-to 4-month-old rats. This enzyme is believed to be an index of proliferative cell growth, and the data of Brasel (2) offers another example of the difference in growth potential between younger and older animals. In the only published study investigating renal RNA and DNA in the fetus, Malt and LeMaitre (15) failed to demonstrate an increase in RNA/DNA after maternal bilateral nephrectomy. Rollason (19) studied mitotic activity in fetal kidneys after bilateral maternal nephrectomy. These studies demonstrated a significant increase in the number of mitoses in the nephrogenic zone of fetuses removed at 19% days from mothers nephrectomized when compared to controls. In our study, a significant increase in both DNA and RNA is seen 72 hr after uninephrectomy in the fetal lamb. These data suggest that, in midgestation, fetal renal compensatory growth ~roceeds bv both cell ~roliferation and an increase in cell size. Additionaldearher andlsequential studies are needed to further clarify the pattern of response to uninephrectomy by the fetus during different periods of gestation.
The results of preliminary single kidney function studies in our investigation suggest that an increase in renal function parallels renal hypertrophy in the fetus. There was a significant increase in urine flow rate and a 6-7% increase in GFR and CPAH; the increase in GFR and C~A H were similar, and there was no change in filtration fraction. There was also a significant increase in absolute renal excretion of phosphate. There are no published studies demonstrating an increase in renal function with renal compensatory growth in the fetus. Galla et al. (7) studied the effect of age on the structural and functional response to unilateral nephrectomy in weanling and adult rats. Their data demonstrated that a corresponding increase in G R F parallels the compensatory growth in the weanling rats. Lehne and Coe (13) demonstrated marked phosphaturia by the renoprival kidney within 24 hr after nephrectomy in adult rats. The suggestion of increased function in our studies is interesting in view of the markedly decreased renal function in utero and the significantly greater blood flow and excretory function by the placenta. The latter point is evidence against increased load as a significant factor in initiating compensatory growth in this model.
CONCLUSION
There is a significant increase in weight of the renoprival or hypertrophied kidney after unilateral nephrectomy in midgestation in fetal lambs. The increase is greater than that previously demonstrated in fetal rats in late gestation and in the postnatal period in weanling infant rats. The increase in weight of the hypertrophied kidney occurs by an increase in cell size as well as an increase in cell number. Preliminary studies suggest an adaptive increase in renal function parallels the increase in fetal kidney wt.
